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1
END OF COMMUNICATION DETECTION

Aspects of various embodiments are directed to wireless
communication of data.

Wireless communication is widely used in a variety of
applications. For example, near field communication (NFC)
is a short-range wireless technology (distances measured in
centimeters) that is optimized for intuitive, easy, and secure
communications between various devices such as smart-
phones, radio frequency identification (RFID) tags, and simi-
lar devices. Applications include, among others, contactless
transactions, data exchange, and simplified setup of more
complex communications such as WiFi.

Various example embodiments are directed to wireless
communication circuits and their implementation. Such
embodiments may be implemented to address challenges
related to detecting the end of a communication.

In connection with one or more embodiments, an apparatus
is provided for detecting the end of a communication. The
apparatus includes an interface circuit for receiving an
encoded signal. The apparatus also includes a carrier signal
recovery circuit coupled to an output of the interface circuit.
The carrier signal recovery circuit determines and outputs a
carrier signal of the encoded signal. The carrier signal recov-
ery circuit also generates and outputs a second signal that is
out of phase with the carrier signal. The apparatus includes a
decoding circuit, coupled to the output of the interface circuit
and to the carrier signal recovery circuit. The decoding circuit
decodes the encoded signal as a function of both the encoded
signal and the carrier signal output by the carrier signal recov-
ery circuit. The apparatus also includes a detection circuit,
coupled to the output of the interface circuit and to the carrier
signal recovery circuit. The detection circuit detects an indi-
cation of an end of a communication in the encoded signal as
a function of both the encoded signal and the second signal.

In connection with one or more embodiments, a method for
detecting the end of a communication is also provided. A
carrier signal of an encoded signal is determined. The carrier
signal is phase-shifted to produce a second signal that is out of
phase with the carrier signal. The encoded signal is decoded
as a function of both the encoded signal and the carrier signal.
An indication of an end of a communication is detected in the
encoded signal by comparing the second signal with the
encoded signal.

In connection with one or more embodiments, a near-field
communication (NFC) device is provided. The NFC device
includes an interface circuit having a loop antenna for receiv-
ing an encoded signal. The interface circuit also includes a
power supply coupled to the loop antenna. The power supply
generates a power supply voltage from the encoded signal
received by the loop antenna. The NFC device includes a
carrier signal recovery circuit coupled to an output of the
interface circuit. The carrier signal recovery circuit deter-
mines and outputs a carrier signal of the encoded signal. The
carrier signal recovery circuit also generates and outputs a
second signal that is out of phase with the carrier signal. The
NFC device apparatus also includes a decoding circuit,
coupled to the output of the interface circuit and to the carrier
signal recovery circuit. The decoding circuit decodes the
encoded signal as a function of both the encoded signal and
the carrier signal output by the carrier signal recovery circuit.
The NFC device also includes a detection circuit, coupled to
the output of the interface circuit and to the carrier signal
recovery circuit. The detection circuit detects an indication of
anend of a communication in the encoded signal as a function
of both the encoded signal and the second signal.
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The above discussion/summary is not intended to describe
each embodiment or every implementation of the present
disclosure. The figures and detailed description that follow
also exemplify various embodiments.

Various example embodiments may be more completely
understood in consideration of the following detailed descrip-
tion in connection with the accompanying drawings, in
which:

FIG. 1 shows a block diagram of an apparatus for receiving
and processing encoded data, in accordance with one or more
embodiments;

FIG. 2 shows a symbol constellation having a plurality of
encoded symbols and an end of communication symbol, in
accordance with one or more embodiments;

FIG. 3-1 shows a first circuit for receiving and processing
encoded data, in accordance with one or more embodiments;

FIG. 3-2 shows an example set of signals generated during
operation of the circuit shown in FIG. 3-1;

FIG. 4-1 shows a second circuit for receiving and process-
ing encoded data, in accordance with one or more embodi-
ments;

FIG. 4-2 shows an example set of signals generated during
operation of the circuit shown in FIG. 4-1;

FIG. 5 shows an example carrier signal recovery circuit, in
accordance with one or more embodiments; and

FIG. 6 shows an example interface circuit for receiving and
processing encoded data, in accordance with one or more
embodiments.

While various embodiments discussed herein are ame-
nable to modifications and alternative forms, aspects thereof
have been shown by way of example in the drawings and will
be described in detail. It should be understood, however, that
the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the scope of the disclosure, including aspects defined
in the claims. In addition, the term “example” as used
throughout this application is only by way of illustration, and
not limitation.

Aspects of the present disclosure are believed to be appli-
cable to a variety of different types of apparatuses, systems,
and methods involving wireless communication. Various
example embodiments are directed to methods, devices, and
apparatus for detecting an end of a wireless communication.

A hardware-efficient apparatus is disclosed for detecting
an indication of the end of a communication in an encoded
signal. The apparatus includes a carrier signal recovery cir-
cuit, a decoding circuit, and a detection circuit. The carrier
signal recovery circuit determines and outputs a carrier signal
of'the encoded signal and also a phase-shifted version of the
carrier signal. The decoding circuit decodes the data symbols
of'the encoded signal, using the carrier signal provided by the
carrier signal recovery circuit. Although the decoding circuit
may be adapted to detect symbols indicative of the end of
communication, such adaptation will increase the cost of the
decoder circuit and is not hardware-efficient. Instead, the
apparatus includes a detection circuit that detects an end of
communication as a function of the encoded signal and the
phase-shifted carrier signal. For example, in some embodi-
ments, the detection circuit may detect a symbol indicative of
the end of communication using one of the two signals to
trigger sampling of the other. In some implementations, this
function may be implemented using a single flip-flop circuit.
Using this approach, manufacturing cost may be reduced in
comparison to some other approaches, which use a decoder
circuit to detect end of communication.
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In some embodiments, an apparatus is provided for detect-
ing the end of a communication. The apparatus includes an
interface circuit for receiving an encoded signal. The appara-
tus also includes a carrier signal recovery circuit coupled to an
output of the interface circuit. The carrier signal recovery
circuit determines and outputs a carrier signal of the encoded
signal. The carrier signal recovery circuit also generates and
outputs a second signal that is out of phase with the carrier
signal. The apparatus also includes a decoding circuit coupled
to the output of the interface circuit and to the carrier signal
recovery circuit. The decoding circuit decodes the encoded
signal as a function of both the encoded signal and the carrier
signal output by the carrier signal recovery circuit. A detec-
tion circuit is coupled to the output of the interface circuit and
to the carrier signal recovery circuit. The detection circuit
detects an indication of an end of a communication in the
encoded signal as a function of both the encoded signal and
the second signal.

The interface circuit may be implemented differently for
different applications. In some applications, the interface cir-
cuit may include a simple circuit for providing a signal to the
carrier signal recovery circuit, the detection circuit and the
decoding circuit. In some applications, the interface circuit
may include various pre-processing circuits. For example, in
some implementations, the interface circuit includes a differ-
ence amplifier configured to convert a received differential
signal to a single-ended signal. As another example, the inter-
face circuit may alternatively or additionally include one or
more band-pass filters for processing a received signal. In
some applications, the interface circuit may include an
antenna for receiving radio frequency (RF) signals. In some
applications, such as a passive RFID device, the interface
circuit may also include a power supply for generating a
power supply voltage from RF signals induced in the antenna.

In some embodiments, the detection circuit includes a flip-
flop having a first terminal (e.g., D input) connected to receive
the second signal from the carrier signal recovery circuit and
having a second terminal (e.g., a clock input terminal) con-
nected to receive the encoded signal from the interface circuit.
In this configuration, the encoded signal is used to trigger
sampling of the phase-shifted second signal from the carrier
signal recovery circuit.

In some embodiments, the detection circuit includes a flip-
flop having a first input terminal (D input) connected to
receive the encoded signal from the interface circuit and
having an second terminal (clock input) connected to receive
the second signal from the carrier signal recovery circuit. In
this configuration, the phase-shifted second signal is used to
trigger sampling of the encoded signal. In this embodiment,
the detection circuit also includes a logical inverter circuit
configured to invert the output of the flip-flop.

The carrier signal recovery circuit may include various
different circuits for determining the carrier signal of the
encoded signal. In some embodiments, the carrier signal
recovery circuit also includes a phase-locked-loop (PLL) cir-
cuit having an input coupled to receive the encoded signal. In
some embodiments, the carrier signal recovery circuit also
includes a frequency divider coupled to an output of the PLL
circuit.

The disclosed embodiments may be applicable to a number
of different communication systems using various communi-
cation protocols such as phase-shift-key (PSK) encoding.
While not so limited, for ease of explanation, the examples
are described with reference to wireless communications
using the ISO/IEC 14443-2 Very High Bit Rates (VHBR)
communication protocol. International standard ISO/IEC
14443 is the industry standard for contactless smart cards, and
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the communication protocols associated therewith. ISO/IEC
14443-compliant products provide RF-communication tech-
nology for transmitting data between a card or tag and a
reader device. For example, in electronic ticketing for public
transport, travelers can wave a smart card over a reader at the
turnstiles or entry point, benefiting from improved conve-
nience and speed in the ticketing process. Such products can
be important to individual mobility, and can support multiple
applications such as road tolling, airline tickets, and access
control. One proposed amendment to the ISO/IEC 14443
standard, referred to as Very High Bit Rates (VHBR) or
ISO/IEC 14443-2, provides increased data rate capabilities.

As described in more detail with reference to FIG. 2, ISO/
IEC 14443-2 VHBR utilizes a phase-shift keying (PSK)
modulation, having data symbols located within a designated
phase range of a symbol constellation map. The PSK modu-
lation also has a special symbol, indicative of an end of a
communication, located at a phase outside of the designated
phase range of the data symbols. One or more disclosed
embodiments provide hardware efficient circuitry for decod-
ing data symbols and for detecting symbols indicative of an
end of communication.

Turning now to the figures, FIG. 1 shows a block diagram
of an apparatus for receiving and processing encoded data.
The apparatus includes an interface circuit 102 for receiving
an encoded signal. The apparatus also includes a carrier sig-
nal recovery circuit 110 coupled to receive an encoded signal
from an output of the interface circuit 102. The carrier signal
recovery circuit 110 determines and outputs a carrier signal
(D) of the encoded signal. The carrier signal recovery circuit
110 also generates and outputs a second signal (Q) that is 90
degrees out of phase with the carrier signal. The apparatus
also includes a decoding circuit 130, coupled to the output of
the interface circuit 102 and to the carrier signal recovery
circuit. The decoding circuit 130 decodes the encoded signal
as a function of both the encoded signal and the carrier signal
(D) output by the carrier signal recovery circuit 110.

The apparatus also includes an end of a communication
(EOC) detector 120, coupled to the output of the interface
circuit 102 and to the carrier signal recovery circuit 110. The
EOC detector 120 detects an indication of an end of a com-
munication in the encoded signal as a function of both the
encoded signal and the second signal (Q).

FIG. 2 shows an example symbol constellation having a
plurality of encoded symbols and an EOC symbol. The sym-
bol constellation includes 16 possible constellation points,
which may be used to communicate up to 4-bits of data in
each data symbol. In this example, the 16 constellation points
for the data symbols are located in a 60 degree phase range on
the right side of the constellation diagram, from 117/6 to 7t/6.
The constellation also includes a symbol located at 7t that may
be used to indicate the end-of-communication (EOC).

The embodiments are not limited to the symbol constella-
tion map shown in FIG. 2. Rather, various embodiments may
be used to detect an end of communication using a number of
symbol constellation maps, having data symbols contained in
afirst phase range (e.g., the right side of the constellation map
from 37/2 to m/2) and an EOC symbol located outside of the
first phase range (e.g., the left side of the constellation map
from m/2 to 37/2).

FIG. 3-1 shows a first circuit for receiving and processing
encoded data. The circuit includes an interface circuit 302, a
carrier signal recovery circuit 310, an EOC detector 320, and
adecoding circuit 330, configured and arranged similar to the
interface circuit 102, the carrier signal recovery circuit 110,
the EOC detector 120, and the decoding circuit 130 described
with reference to FIG. 1.
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Different embodiments may include various circuits for
decoding the encoded signal, depending on the communica-
tion protocol used to encode the encoded signal. In the
example shown in FIG. 3-1, the decoding circuit is configured
to decode the PSK encoded signal (PSKin). In some imple-
mentations, the decoding circuit 330 includes a time-to-digi-
tal converter (TDC) configured to decode the PSK encoded
signal (PSKin) using the in-phase carrier signal (I) provided
by the carrier signal recovery circuit 310. Alternatively, other
circuits may be used decode the PSK encoded signal (PSKin)
based on a phase difference between the PSK encoded signal
(PSKin) and the in-phase carrier signal ().

In this example, the EOC detector circuit 320 includes a
flip-flop 322 having a D-input terminal coupled to receive the
90 degree phase-shifted carrier signal (Q) from the carrier
signal recovery circuit 310. The flip-flop 322 also has a clock
input coupled to receive the encoded signal (PSKin). In this
arrangement, the flip-flop 322 samples values of the phase-
shifted carrier signal (Q) at times at which a rising edge of the
encoded data signal is received.

FIG. 3-2 illustrates the sampling performed by the flip-flop
to detect the EOC symbol. In this example, data symbols are
encoded by modulating the phase at which rising edges occur
in the encoded data signal (PSKin) with reference to the
in-phase carrier signal (I). The phase-shifted carrier signal
(Q) has a low value when a phase of the encoded signal is in
a phase range from 3m/2 to 7/2, which includes the phase
range of the symbol constellation having the data symbols.
Accordingly, if a rising edge of the encoded signal occurs
when the phase-shifted carrier signal (Q) is low, the encoded
data symbol is in the phase range from 37/2 to /2. Con-
versely, if a rising edge of the encoded signal occurs when the
phase-shifted carrier signal (Q) signal is high, the encoded
symbol is in the phase range from /2 to 37/2. Therefore, if a
high value of the phase-shifted carrier signal (Q) is sampled
by the flip-flop 322, in response to a rising edge of the
encoded data signal, an EOC data symbol (located at T in the
symbol constellation) has been detected in the encoded data
signal.

As described above, flip-flop 332 samples values of the
phase-shifted carrier signal (Q) at rising edges of the encoded
data signal. The sampled points of the phase-shifted carrier
signal (Q) are marked by circles in FIG. 3-2. The bottom
waveform (EOC) indicates the output of the flip-flop 332
shown in FIG. 3-1. As shown in FIG. 3-2, the output of the
flip-flop is low when sampled Q values are low and is high
when the sampled Q values are high.

FIG. 4-1 shows a second circuit for receiving and process-
ing encoded data. The circuit includes an interface circuit
402, a carrier signal recovery circuit 410, an EOC detector
420, and a decoding circuit 430, configured and arranged
similar to the interface circuit 102, the carrier signal recovery
circuit 110, the EOC detector 120, and the decoding circuit
130, described with reference to FIG. 1. The decoding circuit
430 is configured to decode a PSK encoded signal (PSKin).
As described with reference to the decoding circuit 330, the
decoding circuit 430 may include a time-to-digital converter
(TDC) or other circuitry configured to decode the PSK
encoded signal (PSKin) using the in-phase carrier signal (I)
provided by the carrier signal recovery circuit 410.

In this example, the EOC detector circuit 420 includes a
flip-flop 422 having a D-input terminal coupled to receive the
encoded signal (PSKin). The flip-flop 422 also has a clock
input coupled to receive the 90 degree phase-shifted carrier
signal (QQ) from the carrier signal recovery circuit 410. In this
arrangement, the flip-flop 422 samples values of the encoded
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signal (PSKin) at times at which a rising edge of the phase-
shifted carrier signal (Q) is received.

FIG. 4-2 illustrates the sampling performed by the flip-flop
422 to detect the EOC symbol. In this PSK example, data
symbols are encoded by modulating the phase at which rising
edges occur in the encoded data signal (PSKin) with refer-
ence to the in-phase carrier signal (I). When the encoded data
signal (PSKin) is sampled at rising edges of the phase-shifted
carrier signal (Q), the sampled values are high if the symbol of
PSKin is in a phase range from 37/2 to 7t/2, which is reserved
for data symbols in the symbol constellation shown in FIG. 2.
Conversely, the sampled values are low if the sampled symbol
of PSKin is in a phase range from n/2 to 37/2, which is
reserved for EOC symbols in the symbol constellation shown
in FIG. 2. Therefore, if a low value of the encoded signal
(PSKin) is sampled by the flip-flop 422, inresponse to a rising
edge of the phase-shifted carrier signal (Q), the EOC data
symbol (located at & in the symbol constellation) has been
detected in the encoded data signal. In the example shown
FIG. 4-1, EOC detector 420 includes an inverter 424 that
inverts the output of the flip-flop 422 to provide the EOC
signal shown in the bottom waveform. As shown in FIG. 4-1,
the resulting EOC signal has a low value when the PSKin
signal includes data symbols. Conversely, the resulting EOC
signal has a high value when the PSKin signal includes an
EOC symbol.

FIG. 5 shows an example carrier signal recovery circuit
510, which may be used to implement the carrier signal
recovery circuits 110, 310, and 410 of the above examples.
The carrier signal recovery circuit 510 includes a phase-
locked-loop (PLL) 512, which generates and outputs a carrier
signal of an input signal (PSKin). In this example, the carrier
signal recovery circuit 510 includes a frequency divider 514
following the PLL circuit to generate the two quadrature
signals (I and Q) from the carrier signal output by the PLL.
The I 'signal is in-phase with the carrier signal provided by the
PLL. The Q signal is 90 degrees out of phase with the carrier
signal. In some embodiments, the PLL 512 generates the two
quadrature signals (I and Q) and the frequency divider 514 is
omitted.

The interface circuits in the above examples may be imple-
mented differently in various applications. In some applica-
tions, the interface circuit may include a simple circuit for
providing a signal to the carrier signal recovery circuit, the
detection circuit and the decoding circuit. In some applica-
tions, the interface circuit may include additional circuits for
performing various operations including, but not limited to,
receiving signals, filtering signals, amplification of signals,
power generation, and/or protection against electrostatic dis-
charge.

FIG. 6 shows an example interface circuit in accordance
with one or more disclosed embodiments. In this example,
interface circuit 610 includes an antenna 620 for receiving RF
signals. A difference amplifier 640 is coupled to the antenna
620 and is configured to convert differential signals induced
in the antenna to a single-ended signal (e.g., PSKin) that is
provided to a carrier signal recovery circuit (e.g., 110, 310, or
410). In this example, the interface circuit 610 also includes a
power supply circuit 630, which generates a power supply
voltage from RF signals induced in the antenna. The power
supply voltage may be used, for example, to power circuits of
a passive RFID device or smartcard.

Various blocks, modules, or other circuits may be imple-
mented to carry out one or more of the operations and activi-
ties described herein and/or shown in the figures. For
example, various circuits and components of some of the
above-discussed embodiments may be implemented using
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discrete logic circuits or programmable logic circuits, config-
ured and arranged for implementing the above described
operations/activities. In certain embodiments, such a pro-
grammable circuit is one or more computer circuits, pro-
grammed to execute a set (or sets) of instructions (and/or
configuration data). The instructions (and/or configuration
data) can be in the form of firmware or software stored in and
accessible from a memory (circuit). As an example, first and
second modules include a combination of a CPU hardware-
based circuit and a set of instructions in the form of firmware,
where the first module includes a first CPU hardware circuit
with one set of instructions and the second module includes a
second CPU hardware circuit with another set of instructions.

Based upon the above discussion and illustrations, those
skilled in the art will readily recognize that various modifi-
cations and changes may be made to the various embodiments
without strictly following the exemplary embodiments and
applications illustrated and described herein. For example,
some embodiments may include a combination of aspects
illustrated separately in respective figures. Such modifica-
tions do not depart from the true spirit and scope of various
aspects of the invention, including aspects set forth in the
claims.

What is claimed is:

1. An apparatus, comprising:

an interface circuit for receiving an encoded signal;

a carrier signal recovery circuit coupled to an output of the
interface circuit and configured and arranged to
determine and output a carrier signal of the encoded

signal, and

generate and output a second signal that is out of phase
with the carrier signal;

a decoding circuit, coupled to the output of the interface
circuit and to the carrier signal recovery circuit, config-
ured and arranged to decode the encoded signal as a
function of the encoded signal and the carrier signal
output by the carrier signal recovery circuit; and

a detection circuit, coupled to the output of the interface
circuit and to the carrier signal recovery circuit, config-
ured and arranged to detect an indication of an end of a
communication in the encoded signal as a function of the
encoded signal and the second signal.

2. The apparatus of claim 1, wherein the second signal is 90

degrees out of phase with the carrier signal.

3. The apparatus of claim 1, wherein:

the apparatus is an RF powered apparatus, and

the interface circuit includes
a loop antenna,

a power supply coupled to the loop antenna and config-
ured and arranged to generate a power supply voltage
from electro-magnetic signals received by the loop
antenna, and

a differential amplifier having a first input coupled to a
first end of the loop antenna, a second input coupled to
a second end of the loop antenna, and an output
coupled to the output of the interface circuit.

4. The apparatus of claim 1, wherein the detection circuit
includes a flip-flop having an input terminal connected to
receive the second signal from the carrier signal recovery
circuit and having a clock terminal connected to receive the
encoded signal from the interface circuit.

5. The apparatus of claim 1, wherein the detection circuit
includes a flip-flop having an input terminal connected to
receive the encoded signal from the interface circuit and
having a clock terminal connected to receive the second sig-
nal from the carrier signal recovery circuit.
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6. The apparatus of claim 5, wherein the detection circuit
further includes a logical inverter circuit having an input
coupled to an output of the flip-flop and an output coupled to
an output of the detection circuit.

7. The apparatus of claim 1, wherein the carrier signal
recovery circuit includes a phase-locked-loop (PLL) circuit.

8. The apparatus of claim 7, wherein the carrier signal
recovery circuit further includes a frequency divider coupled
to an output of the PLL circuit.

9. The apparatus of claim 1, wherein the decoding circuit
includes a time-to-digital converter.

10. The apparatus of claim 1, wherein the encoded signal is
a phase-shift-key (PSK) encoded signal.

11. A method, comprising:

determining a carrier signal of an encoded signal;

phase shifting the carrier signal to produce a second signal
that is out of phase with the carrier signal;

decoding the encoded signal as a function of the encoded
signal and the carrier signal; and

detecting whether or not the encoded signal includes an
indication of an end of a communication in the encoded
signal by comparing the second signal with the encoded
signal.

12. The method of claim 11, wherein the second signal is

90 degrees out of phase with the carrier signal.

13. The method of claim 11, wherein the comparing
includes determining a value of the second signal in response
to a rising edge of the encoded signal.

14. The method of claim 11, wherein the comparing
includes determining a value of the encoded signal in
response to a rising edge of the second signal.

15. The method of claim 11, wherein the comparing
includes providing the second signal to an input terminal of a
flip-flop and providing the encoded signal to an clock termi-
nal of the flip-flop.

16. The method of claim 11, further comprising:

in response to the second signal having a first value at a
time in which a rising edge of the encoded signal is
detected, signaling that the indication of an end of a
communication is not received; and

in response to the second signal having a second value at a
time in which a rising edge of the encoded signal is
detected, signaling that the indication that an end of a
communication is received.

17. The method of claim 11, wherein the encoded signal is

a phase-shift-key (PSK) encoded signal.
18. A near-field communication device, comprising:
an interface circuit including,
a loop antenna for receiving an encoded signal; and
a power supply coupled to the loop antenna and config-
ured and arranged to generate a power supply voltage
from the encoded signal received by the loop antenna;

a carrier signal recovery circuit powered by the power
supply voltage, coupled to receive the encoded signal
from an output of the interface circuit, and configured
and arranged to
determine and output a carrier signal of the encoded

signal, and
generate and output a second signal that is 90 degrees out
of phase with the carrier signal;

a decoding circuit, powered by the power supply voltage,
coupled to the output of the interface circuit and to the
carrier signal recovery circuit, and configured and
arranged to decode the encoded signal as a function of
the encoded signal and the carrier signal output by the
carrier signal recovery circuit; and
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a detection circuit, powered by the power supply voltage,
coupled to the output of the interface circuit and to the
carrier signal recovery circuit, configured and arranged
to detect an indication of an end of a communication in
the encoded signal as a function of the encoded signal
and the second signal.

19. The near-field communication device of claim 18,

wherein:

the encoded signal is a phase-shift-key (PSK) encoded
signal; and

the detection circuit includes a flip-flop having an input
terminal connected to receive the second signal from the
carrier signal recovery circuit and having an clock ter-
minal connected to receive the encoded signal from the
interface circuit.

20. The near-field communication device of claim 18,

wherein:
the encoded signal is a phase-shift-key (PSK) encoded
signal; and
the detection circuit includes
a flip-flop having an input terminal connected to receive
the encoded signal from the interface circuit and hav-
ing an clock terminal connected to receive the second
signal from the carrier signal recovery circuit, and

a logical inverter circuit having an input coupled to an
output of the flip-flop and an output coupled to an
output of the detection circuit.
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